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Abstract

Takotsubo syndrome is an important condition to consider among patients with acute chest pain in the emergency room. It often mimics
acute coronary syndrome since chest pain and ECG changes are key features in both conditions. The hallmark of takotsubo syndrome
is transient left ventricular dysfunction (characterized by apical ballooning) followed by complete echocardiographic recovery in most
cases. Although most patients exhibit a benign course, lethal complications may occur. The use of hand-held point-of-care focused
cardiac ultrasound may be helpful for early identification of takotsubo syndrome and distinguishing it from acute coronary syndrome and
other cardiovascular emergencies. Emergency room physicians should be familiar with typical and atypical presentations of takotsubo
syndrome and its key electrocardiographic changes. The approach in the emergency room should be based on a combination the clinical
presentation, ECG, and handheld echocardiography device findings, rather than a single electrocardiographic algorithm.
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1. Introduction
Takotsubo syndrome (TTS), also known as ‘broken

heart syndrome’, ‘apical ballooning’, or ‘stress-induced
cardiomyopathy’ is a type of acute reversible left ventric-
ular dysfunction that usually occurs in elderly women fol-
lowing mental or physical stress [1]. The hallmark of TTS
is transient left ventricular dysfunction (characterized by
apical ballooning) followed by complete echocardiographic
recovery in most cases. Although most patients exhibit a
benign course, lethal complications may occur. The syn-
drome shares several features with acute coronary syn-
drome (ACS): chest pain, ECG changes, elevated cardiac
biomarkers, andwallmotion abnormality [2,3]. The finding
of apical ballooning and basal hyperkinesia matches most
cases of TTS known as apical TTS. Basal, focal, and mid
ventricular variants have also been reported, and account
for 20% of TTS cases [4–6]. TTS should be always con-
sidered in the differential diagnosis of patients with chest
pain, and physicians in the emergency room (ER) should
be familiar with the clinical presentation and the required
workup of this syndrome.

2. Background
For the diagnosis of TTS, the modified Mayo Clinic

Criteria were developed, and all four criteria are required
for correct diagnosis as follows [2]:

(1) Transient left ventricle (LV) dysfunction extended
beyond a single coronary artery territory.

(2) Absence of coronary artery obstruction in angiog-
raphy.

(3) New ECG abnormality (ST elevation or T wave
inversion) or elevated cardiac biomarkers.

(4) Absence of myocarditis or pheochromacytoma.
Later, the international Takotsubo Registry criteria

(interTAK criteria) were developed to improve identifica-
tion and stratification of TTS and do not consider the pres-
ence of significant coronary artery stenosis an exclusion for
the diagnosis [7]. It has been estimated that about 2% of
patients presenting to the ER with suspected ACS have a
final diagnosis of TTS, but the incidence is probably higher
among elderly women [8]. Recently, the incidence of TTS
was shown to be as high as 4.6% among critically ill patients
in the intensive care unit [9].

3. Pathophysiology
Catecholamines probably play a central role in the de-

velopment of TTS by mediating various processes of epi-
cardial coronary spasm, microvascular dysfunction and di-
rect myocyte injury [10–12]. Clues for the essential role of
catecholamines in TTS pathogenesis include high plasma
levels in the affected patients, and the induction of TTS-
like disease following epinephrine or norepinephrin admin-
istration [13,14]. During catecholamine surge, epinephrine
triggers β2-Adreoreceptor in cardiac tissue to switch from
Gs to Gi coupling resulting in acute cardiac apical depres-
sion and ballooning [15]. Of note, biomarkers ofmyonecro-
sis such as troponin are mildly elevated in TTS except for
rare severe cases, while natriuretic peptide, a marker of
increased cardiac wall stress, is typically highly elevated
[16]. A genetic predisposition based on polymorphism in
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G protein-coupled receptor kinase 5, estrogen receptors, a1
and b1-adrenergic receptor have been suggested to play a
role, but the susceptibility of these genes with familial TTS
yielded conflicting evidence [17].

4. Clinical Presentation
The typical patient with TTS is a post-menopausal fe-

male with complaints of chest pain following a stressful
event, with or without dyspnea and other signs of heart
failure [18]. Notably, patients with atypical TTS are usu-
ally younger and more often have neurological comorbidi-
ties compared to those with typical TTS [4,19]. Physical
or mental stressors may precede the onset of chest pain,
with possible chronobiological patterns of peak occurrence
in the morning and afternoon hours when stressful events
are more common [20,21]. Common precipitating factors
include stressful argument, grief, public speaking, major
surgery, and natural disasters. However, the absence of
emotional or physical trigger does not exclude TTS. De-
spite detailed history taking, it has been reported that about
one third of the cases lack such an obvious stressor [18].
In the study by Templin et al. [18] about 27% of patients
with TTS had a history of neurological disease, and about
42% had a diagnosis of psychiatric illness. Chest pain and
dyspnea are the presenting symptoms in about 90% of the
cases. Other less common symptoms are nausea, vomiting,
palpitations, headache, weakness, epigastric pain, and syn-
cope [22]. Based on history taking, no single symptom is
sufficiently specific to differentiate TTS from ACS [23]. In
addition, typical and atypical variants of TTS have the same
clinical presentation. Physicians in the ER should be famil-
iar with less common presentations of TTS such as cere-
brovascular accident (CVA) and ‘torsade de pointes’ sec-
ondary to QT segment prolongation [24–27]. Of note, CVA
in the context of TTS may be the trigger preceding the clin-
ical onset or a consequence of the disease during the early
or late period of the syndrome secondary to thromboem-
bolic events [18]. High index of suspicion is needed in ev-
ery postmenopausal patient presenting with chest pain with-
out evidence for myocardial infarction. Most patients are
hemodynamically stable and exhibit a benign course with
no complications and with complete echocardiographic re-
covery overtime. Progressive fulminant course with car-
diogenic shock or intractable pulmonary edema may occur
in rare cases [28]. Based on data from the interTAK reg-
istry, about 20% of patients had a combined endpoint of
in-hospital complications [18]. Some of the severe com-
plications are ventricular arrythmia, ventricular thrombus,
and ventricular rupture. Overall, the In-hospital complica-
tions and outcomes are similar between typical and atypical
variants of TTS [4].

5. ECG Changes
According to the current guidelines, it is recom-

mended to obtain twelve-lead ECG for patients with chest

pain within 10 minutes after first medical contact and to
have it immediately interpreted by an experienced physi-
cian [29]. The hallmark of ECG changes in patients with
TTS is ST segment elevation in the precordial leads, pre-
dominantly in V2–V3, with no reciprocal changes. When
interpreted by expert physician, ECG on admission has a
high specificity and positive predictive value for TTS di-
agnosis and differentiating it from anterior myocardial in-
farction [30]. When comparing ST-segment elevation my-
ocardial infarction (STEMI) to TTS, ST segment elevation
in (-aVR) has a specificity of 95% and positive predictive
value of 91% for TTS (p< 0.001). The specificity is higher
when ST elevation in (-aVR) is associated with ST eleva-
tion in the inferior leads (98%) or in the anteroseptal leads
(100%) [30]. On the other hand, reciprocal ST segment de-
pression is more characteristic of STEMI. Ogura et al. [31]
reported several ECG changes that may distinguish TTS
from STEMI including the absence of reciprocal ST depres-
sion, the absence of abnormal Q waves, and the finding of
sum of ST elevation in V4–V6 more than in V1–V3. When
examining the evolution of ECG changes during TTS, ST
segment elevation in the precordial leads develops immedi-
ately or within few hours from symptom onset. Within 1–3
days, T wave inversion may be observed after ST segment
resolution [32]. Finally, after several weeks or few months,
the inverted T waves may become deeper or normalize.
While Q waves are common following non-perfused my-
ocardial infarction, they are less common in TTS, and when
observed, they are often transient [30]. Prolonged QTc in-
terval is a common finding in both acute ischemia and TTS,
and it is significantly longer in TTS compared to ACS [18].
We recommend that ER physicians should know the ba-
sic ECG changes in TTS for decision making rather than
the use of ECG-based algorithm. The knowledge of the
abovementioned changes combined with clinical presenta-
tion, echocardiography and biomarkers is more practical for
ER scenario. Fig. 1 shows an ECG of 70-year-old female
with TTS who was managed by ER physician.

6. Cardiac Biomarkers
Several cardiac biomarkers, inflammatory proteins

and various ratios between them were studied to assist clin-
icians in diagnosing patients with TTS and to better dis-
tinguish them from patients with ACS. Of those, the most
studied are Troponin (I and T), brain natriuretic peptide
(BNP) and its inactive byproduct: N-terminal-pro hormone
BNP (NT-proBNP), Creatine Kinase-MB (CK-MB) and
Myoglobin. In patients with TTS, myonecrosis biomarkers
such as troponin, CK-MB and myoglobin are elevated by
a lower scale compared to ACS, due to significantly less
tissue injury [33]. Several studies evaluating the role of
troponin in distinguishing TTS and acute myocardial in-
farction (AMI) found that mean peak troponin (T and I)
level is significantly lower in patients with TTS compared
to patients with STEMI [33–35]. However, it should be

2

https://www.imrpress.com


Fig. 1. Twelve-lead ECG of patient presented to the ER with chest pain. Twelve-lead ECG of a 70 -year-old female who admitted the
ERwith acute chest pain following an argument with her daughter. The pattern of ST elevation in the precordial and inferior leads without
reciprocal ST depression raised the possibility of TTS. Immediate point-of-care cardiac ultrasound (POCUS) showed apical ballooning
and basal hypercontractility (displayed later), consistent with TTS.

noted that biomarker levels in both ACS and TTS may be
not elevated on admission to the ER, particularly if blood
samples are withdrawn early following symptoms onset.
The origin of BNP secretion is primarily by the ventricles
in response to stretch force. Dagrenat et al. [36] com-
pared 314 patients with TTS to 452 patients with STEMI
and 334 patients with non-ST elevation myocardial infarc-
tion (NSTEMI). They found that patients diagnosed with
TTS had significantly higher BNP levels on admission, at
peak and discharge compared to patients with STEMI and
NSTEMI. Themost studied and accurate biomarker ratio, to
date, is the BNP/Troponin ratio that was to be significantly
higher in TTS than in patients with STEMI or NSTEMI
[37,38]. A study by Randhawa et al. [39] revealed that
a BNP/Troponin T ratio >1272 upon admission has 95%
specificity for TTS when compared to AMI. Furthermore,
BNP/Troponin I ratio >329 on admission distinguished
TTS from NSTEMI, while better differentiation was ob-
tained using BNP/Troponin I ratio at peak [37–39]. In ad-
dition to its immediate diagnostic value, NT-proBNP may
also be utilized as a prognostic predictor to predict 30-day
major adverse cardiac event (all cause death, cardiogenic
shock or pulmonary edema), and long-term outcomes [40].
A few other biomarker ratios were proposed to assist clin-
icians in distinguishing between TTS and ACS. Troponin
T/CK-MB was reported to be significantly higher in pa-

tients with TTS than in those with STEMI or NSTEMI [41].
Randhawa et al. [39] reported that a BNP/CK-MB ratio
≥29.9 distinguished TTS from AMI with 95% specificity
and 50% sensitivity. Furthermore, NT-proBNP/Myoglobin
ratio of 3.8 and 14 were suggested to properly distinguish
patients with TTS than in those with STEMI (sensitivity:
89%, specificity: 90%) and NSTEMI (sensitivity: 65%,
specificity: 90%), respectively [39]. While the exact cut
off values for different laboratory parameters are varied
and differ from trial to trial, the laboratory trend in TTS is
clear: the rise in Troponin, CK-MB and Myoglobin is dis-
proportionally low whereas BNP is dramatically elevated.
Since atypical variants of TTS involve less extent of the
myocardium, patients tend to have higher left ventricular
ejection fraction and lower NT-proBNP levels compared to
typical TTS [4].

7. Role of Point-of-Care Focused Cardiac
Ultrasound

The use of hand-held point-of-care ultrasound
(POCUS) has become a key component in rapid triage
of patients with acute chest pain. This is particularly
important in the ER setting due to the scarce resource of
the traditional big machines along with simplicity and
availability of this useful miniaturized modality. The
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use of POCUS provides a quick evaluation of patients’
cardiovascular status and helps in guiding the management
by the primary care givers in the ER. Several emergent
conditions may be identified using this modality including
cardiac tamponade, myocardial infarction, and pulmonary
embolism [42–44]. Early ER sonography using POCUS
was also shown to be useful in TTS diagnosis [45,46].
Educational sessions in POCUS training for ER physicians
were shown to be valuable. Targeting distinct conditions
such as pericardial effusion, aortic dissection, TTS, and
pulmonary embolism may be more practical than perform-
ing a whole examination, which may detect incidental
findings [47]. The use of hand-held devices becomes
more valuable in the era of the novel coronavirus disease
2019 (COVID-19) since conventional imaging modalities
such as transthoracic echocardiography and invasive
coronary angiography should be restricted to minimize
physician-patient contact. The use of handheld POCUS is
highly appropriate for this purpose. These devices offer a
portable and inexpensive modality that along with physical
examination may provide a comprehensive evaluation
of the cardiovascular system. Although the handheld
device does not provide the high diagnostic power and
some modalities such as three-dimensional imaging as the
conventional machine, it constitutes a useful device in the
ER scenario. Many schools have adopted the training in
the use of these devices by medical students as part of the
curriculum. Fig. 2 shows an apical four chamber view
obtained using handheld POCUS in the ER.

Diagnosis of TTS was assumed based on the clini-
cal presentation, ECG, and echocardiographic appearance.
Patient was not treated with antiplatelet therapy and was
directly admitted to cardiac unit for further management.
The use of handheld echo devices if performed by experi-
enced physician may support the diagnosis of TTS in the
apical four-chamber view. The same patient was sent to
cardiac catheterization, and her ventriculogram is provided
in Fig. 3.

8. Diagnostic Workup and Suggested
Algorithm

Other than acute coronary syndrome, several emer-
gent conditions such as aortic dissection and pulmonary em-
bolism manifest with chest pain similar to TTS and should
be ruled out in the ER. The use of triple rule-out com-
puted tomography (TROCT) was investigated in patients
with acute chest pain in several studies, including in the ER
context [48]. This modality may be beneficial in certain
cases due to the ability to identify both cardiac and non-
cardiac conditions in equivocal cases of chest pain. TRO-
CT simultaneously examines the coronary arteries, thoracic
aorta, and pulmonary artery, and may detect coronary le-
sions, aortic dissection, and pulmonary embolism respec-
tively [49]. In one study, TRO-CT detected significant non-
coronary diagnosis in about 9% of patients admitted the ER

Fig. 2. Apical four chamber viewusing handheld POCUS.Api-
cal four-chamber view of the patient performed by ER physician
showed typical apical ballooning and LVOTO secondary to basal
hypercontractility.

Fig. 3. Ventriculogram of the same patient during cardiac
catheterization. Ventriculogram of the same patient whowas sus-
pected for TTS based on POCUS in the ER. Invasive coronary an-
giography was performed later and revealed patent coronary arter-
ies without obstruction. Left ventriculogram showed typical api-
cal ballooning, confirming the diagnosis of TTS.

with chest pain, including findings that would not be iden-
tified in cardiac CT modality [50]. It should be noted, how-
ever, that the use of TRO-CT is limited in some centers and
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Fig. 4. Diagnostic algorithm. In stable patients, ECGwithin 10 minutes is recommended in patients with chest pain. When ST elevation
is present, invasive coronary angiography should be performed to rule out obstructive disease. In patients without ST elevation, the
interTAK score may help in patient triage. A score >70 should encourage POCUS and subsequent cardiac CT when the findings are
consistent with TTS. If the probability for TTS is low (<70), and in the cases that POCUS does not support TTS diagnosis, admitting to
the cardiac care unit (CCU) for further evaluation is recommended. *Obstructive CAD may be present in TTS, however it should not be
in a distribution that explains the observed wall motion abnormalities.

requires multidisciplinary team radiologists 24/7 availabil-
ity. Although TTS generally has more benign course than
AMI, rapid diagnosis is essential to avoid unnecessary, and
potentially harmful, treatment. The interTAK score was de-
veloped to predict the probability of the diagnosis of TTS
based on seven variables and each was assigned a score
value: female sex 25, emotional trigger 24, physical trigger
13, absent of ST depression (except in aVR) 12, psychiatric
disorder 11, neurologic disorder 9, and QTc prolongation 6
points [51]. We recommend the use of the interTAK score
to decide which patient needs further evaluation by hand-
held POCUS in the ER. Echocardiography is essential for
identification of potential mechanical complications such as
LVOTO, acute mitral regurgitation, and thrombus forma-
tion [52]. The use of invasive coronary angiography as the
initial diagnostic tool should be restricted to patients with
ST-segment elevation (even in the presence of apical hy-

pokinesis) to exclude left anterior descending artery occlu-
sion. In other cases, cardiac CT is appropriate for demon-
strating the coronary arteries and for definitive diagnosis of
TTS. The following algorithm (Fig. 4) summarizes our sug-
gested diagnostic approach in the ER. The use of this simple
algorithm in the ER is feasible since it depends on clinical
judgment and the interTAK score.

9. Treatment
In most cases, treatment of TTS is conservative with

focus on mental and physical stress relieve. When LV
dysfunction is present, treatment with beta-blockers and
Angiotensin-converting enzyme (ACE) inhibitors is rea-
sonable. Despite the lack of randomized controlled trials,
the use of ACE inhibitors and beta-blockers could be asso-
ciated with improved survival by reducing the risk of ma-
lignant arrythmia, cardiac rupture, and cardiogenic shock
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[53,54]. Caution is needed when there is left ventricu-
lar outflow tract obstruction (LVOTO). In such cases, in-
otropic agents are contraindicated, and beta-blockers may
be beneficial in reducing basal hypercontractility and re-
lieving the obstruction [53]. Once TTS diagnosis is defini-
tive, antiplatelet therapy is not recommended and may be
associated with increased mortality [55–57]. Despite the
role of catecholamine in the pathogenesis of TTS, there is
no consensus about the role of beta-blockers in reducing
TTS recurrence [58]. It should be emphasized that the over-
all prognosis of TTS patients is comparable to that of ACS
[18,59]. Physicians in the ER should know how to distin-
guish TTS among amyriad of patients presentingwith acute
chest pain. Rapid diagnosis is essential in order to avoid un-
favorable outcomes.

10. Considerations during the COVID-19
Era

The novel coronavirus disease 2019 is associated with
several cardiovascular manifestations includingmyocardial
injury, myocarditis, arrhythmia, acute coronary syndrome,
and pulmonary embolism [60–63]. Rare cases of TTS have
been reported as a complication of the acute infection and
secondary to the overwhelming stress accompanying this
outbreak [64–66]. Diagnosis in patients tested positive
for COVID-19 is challenging since conventional imaging
modalities such as transthoracic echocardiography and in-
vasive coronary angiography should be restricted to min-
imize physician-patient contact [67]. The use of handheld
POCUS is of paramount significance particularly during the
current pandemic. One of the major impacts of the current
pandemic are its psychological and social effects, mainly
among elderly. The social deprivation, which became a di-
rect consequence of COVID-19, may jeopardize patient ad-
herence to therapy, routine medical check-up and follow-
up visits, which in turn aggravates depression and anxi-
ety, creating a vicious cycle. The issue whether TTS in-
cidence was affected by COVID-19 burden was addressed
in several studies with conflicting results [68–70]. Overall,
there appears to be an association between TTS incidence
and COVID-19 since this syndrome is mainly mediated by
stress-related pathways [16].

11. Conclusions

Physicians in the ER should be familiar with vari-
ous clinical manifestations and major electrocardiographic
changes of TTS. One of the important available diagnostic
tools to distinguish it from other cardiovascular conditions
is the handheld POCUS device. Training in the use of these
devices has become a part of the curriculum for medical
students. The use of a simple algorithm in the ER may fa-
cilitate the triage of patients with suspected TTS and avoid
unnecessary treatment.
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